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ABSTRACT

This report is Volume 4 of nine volumes of the final report on "Synthesis of Calcu-

lational Methods for the Design and Analysis of Radiation Shields for Nuclear Rocket Systems".

Presented in this volume is a description of the neutron and gamma raypoint k_ernal attenuation

program (KAP-V).

KAP-V is a computer program written in FORTRAN IV language. The program employs

the point kernel method to calculate radiation levels at detector points located within or out-

side a complex radiation source geometry describable by a combination of quadratic surfaces.

This program can be used, for example, to calculate gamma ray and/or fast neutron flux, dose,

or heating rate. The attenuation function, or kernel, for gamma rays employs exponential

attenuation along with a build-up factor. Three optional fast neutron attenuation functions

are included: (1) a modified Albert-Welton function for calculating fast neutron dose rate

using removal cross sections; (2) a bivariant polynomial expression for computing neutron

spectra using infinite media moments data; and (3) a monovariant polynomial expression for

computing neutron spectra using infinite media moments data. The program also handles either

cylindrical, spherical, disc, line, or point sources. A variety of options are available for

describing neutron or gamma ray source distributions in complex geometries.
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SECTION

1.0 INTRODUCTION

This report is Volume 4 of the nine volumes of the final report on "Synthesis of

Calculatlonal Methods for the Design and Analysis of Radiation Shields for Nuclear

Rocket Systems. " Presented in this volume is a description of the neutron and gamma

ray k_ernel attentuation program (KAP-V).

The KAP-V program is an integral part of both the "early" and "final" design

radiation analysis methods provided for the Marshall Space Flight Center under this

contract. A simplified schematic diagram of each method is shown in Figures 1 and 2.

Both methods are fully described in Volume 1 of this report. The starting point for both

methods is the POINT program (Volume 2) which prepares cross section and other basic

data for use in the transport programs.

In the "early" design method (Figure 1), the TAPAT program system (Volume 3)

computes one dimensional neutron and photon energy fluxes in the reactor geometry.

From these fluxes, neutron and photon energy sources and distributions are obtained and

are used as input to the KAP-V program. The KAP-V program (Volume 4) provides gamma

ray and fast neutron radiation levels at locations external to the reactor. Radiation levels

from the KAP-V program at a specific radial distance from the center of the reactor can

then be employed in the TIC-TOC-TOE program (Volume 5) for calculating radiation

quantities of interest in an on--axis liquid hydrogen propellant tank.

In the "final" design method (Figure 2), the ODD-K two dimensional transport

program (Volume 6) provides neutron and photon energy fluxes throughout the reactor

geometry. The NAGS data processing program (Volume 7) processes these fluxes and

calculates neutron and photon radiation levels and neutron and photon energy sources

within the reactor system. These sources can be employed in either the KAP-V program

(Volume 4) or the FASTER Monte Carlo program (Volume 9) for obtaining radiation levels

at locations external to the reactor system. In addition, the FASTER program can compute
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heating rate distributions in the liquid hydrogen propellant (in either an on- or an off-axis U

tank) and the radiation level at the payload. Alternately, the DAFT program (Volume 8)
In

can prepare neutron and photon energy and angular dependent fluxes at the reactor surface U

from the ODD-K program for use in the FASTER Monte Carlo code.

Extensive radiation analysis at Westinghouse Astronuclear Laboratory indicated I

that a point kernel program was needed which included the desirable features of both the

Los Alamos Scientific Laboratory QAD program series (]) and the General Electric Aircraft I

Nuclear Propulsion Department programs, 14-0 and 14-1 (2). This same conclusion was
eL

noted in a previous study (3) performed for MSFC. The KAP-V program was formulated B

initially at WANL in FORTRAN II (4) , employing the QAD geometry routine as the only
am

intact routine from the QAD IV program. Many features requested by KAP program users

at WANL were incorporated ]n the program between 1963 and 1966, at which time work II
on the latest version, KAP-VI was initiated under the present contract. The entire II

programming effort on the KAP-V program was directed at producing a point kernel in
program which was a useful and efficient computer program in FORTRAN IV computer U

language. The present version of the KAP-V code is operational on the IBM 7094 Model •
IIII at WANL and MSFC, and on the CDC 6600 at the Westinghouse Telecomputer Center

in Pittsburgh. t
KAP-V is a point kernel program designed to calculate the radiation level at

detector paints located within or outside a complex radiation source geometry describable •
IIby a combination of quadratic surfaces. The program evaluates the material thicknesses

intercepted along the line--of-sight from the source point to the detector point. These •
IImaterial thicknesses (or path lengths) then are employed in attenuation functions to cal-

culate the flux, dose rate, or heating rate at the detector. The attentuatlon function for II
II

gamma rays employs exponential attenuation with a buildup factor. Three optional neutron

attenuation functions are included: (1) a modified Albert-Welton function for calculating
Ufast neutron dose rate using removal cross sections; (2) a bivariant polynominal expression

for computing neutron spectra using infinite media moments data; and (3) a monovarlant Ill
IIpolynominal expression for computing neulTon spectra using infinite media moments data.

!

4 I
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The program also handles either cylindrical, spherical, disc, liner or point

sources. Different source distributions may be employed for neutrons and gamma rays.

A variety of options is available for describing the source distributions. The source

distributions are assumed separable along the axis and radius of cylindrical-type source

regions and independent of the azimuthal angular position for either spherical or cylin-

drical sources. An option is provided to describe azimuthal source density variation by

specifying input data for discrete point sources.

Specific desirable features which have been incorporated in the KAP-V program

are :

(1) Input data preparation has been simplified to allow minimum input for

running "stacked" cases.

(2) The program uses the "point-ln-region" concept to calculate the boundary

surface-zone relationship ("ambiguity index") which is required as input in other point

kernel codes.

(3) A routine is included in the program to calculate gamma ray mass absorption

coefficients for up to twenty elements as a function of input gamma ray energy which

eliminates a great deal of the previously required input data.

(4) A routine is included in the program to calculate the cubic polynominal

coefficients for buildup factors as a function of input gamma ray energy from a library

of bivariant polynominal data.

(5) A routine is included which will interpolate a closely'-spaced source distri-

bution (obtained from a discrete ordinate transport or diffusion theory source calculation)

to a source mesh description more amenable and economic to point kernel calculations.

(6) A routine is included which calculates and normalizes point source strengths

for a variety of source geometries and functional variations of source distributions.

(7) Input data are checked for consistency to eliminate many erroneous calcu-

lations that can occur if input data for a problem is incomplete.

(8) The program has the capability to calculate fluxes and/or other radiation

responses such as heating rates at multiple detector points for each source region.

5
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(9) The program has no set limit on the number of source regions which can be

run in a single problem. This feature is handled as a set of stacked source region problems.

The program computes the summation at each detector point of the neutron and/or photon

radiation from each source region.

(10) The program allows the user to input separate source distributions for neutrons

and gamma rays within the same source region.

(1 i) The program eliminates unnecessary response function computations by

accumulating flux data as a function of detector point and group during the calculation

for each source region. Calculations for up to ten response functions are performed

at the completion of each source region calculation and/or at the completion of source

region problems.

{12) An option is included for calculating the flux at a detector located within

a gamma ray source region. This option circumvents the numerical difficulties introduced

by the "inverse square law, " when a source point is too close to the detector.

The KAP-V program, with the above features, has proven to be an efficient tool

for the analysis of the radiation environment produced by reactor sources. Comparisons,

presented in Volume 1, between KAP calculations and NRX experimental radiation en-

vironment, and between Monte Carlo and transport calculations, give added confidence

to point kernel analysis, provided that the code is judiciously employed.

The computer time required for running a "typical" problem is difficult to

evaluate. The running time is dependent primarily upon the number of zones and associated

boundaries along the path between each source and detector point. A complex problem

run on the IBM 7094 computer required an average of 0.01 seconds per source point for

each detector point. This complex geometry contained 44 zones and 32 boundaries.

Section 2 gives a more detailed description of the program, including the geome-

try, sources, and attenuation kernels. Section 3 briefly describes the logic of the KAP-V

program. Input data instructions are presented in Section 4, and the output data is described

in Section 5. A sample problem, along with an actual print--out of the results, is given in

Section 6. The FORTRAN IV source program is listed in the Appendix.

6
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SECTION

2.0 PROGRAM DESCRIPTION
i J m i

2. I GEOMETRY

The KAP-V program requires the following information in order to perform geometry and

material calculations:

1) Zones (or regions) which are described by intersecting surfaces

2) Geometric surfaces which are described by various equations

3) Materials in the zones which are described by a material composition table

4) Nuclear properties of the materials.

Based on this input data, the KAP-V program calculates the "line-of-slght" distance

(path length) through each material in each zone between each source point and the detector

point.

Subsequent sections describe the techniques used in describing and solving geometry

dependent quantities for a KAP-V problem.

2.1.1 Surfaces

The geometry of the problem can include the following types of equation surfaces:

1) Equations of a surface of revolution about any x, y, or z coordinate axis.

2) Equations of a plane normal to the x, y, or z axis of the reference system.

3) Equations of an elliptic cylinder about any z axis.

4) Equations of any quadrature surface by specifying appropriate equation coefficients.

To simplify the geometry input description, the program contains specific forms of the

quadratic surface equations. Each of these equations are identified by an equation number.

The equations available are as follows:

A(X 2)+ B(y2)+C(Z2)+ X0X+YoY+ ZoZ-D = 0 (NEQBD = I)

A (X-X0)2+ B(Y-Y0 )2÷c(Z-z0 )2-D = 0 (NEQBD = 2)

A(X-X0)2+ B(Y-Y0 )2-D = 0 (NEQBD = 3)

X-D = 0 (NEQBD = 4)
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Y-D = 0 (NEQBD = 5)

Z-D = 0 (NEQBD = 6)

The quantities A, B, C, X 0, Y0' Z0_ and D are input parameters for the surfaces in a

problem. The surface equation number defines the necessary parameters. The user specifies the

equation number, NEQBD, and only those parameters necessa_ to solve the respective surface

equation.

The surface defined by NEQBD = 4, 5, and 6 are planes normal to each of the coordinate

axes. NEQBD = 3 is the equation for a cylindric surface with its axis parallel to the Z axis.

NEQBD = 2 is an elliptic surface which_ by specifying the A_ B, and C coefficients properly,

can describe elliptical cylindric surfaces with their axis parallel to each of the coordinate

axes. NEQBD = 1 is a form of the general quadratic equation. By proper manipulation of the

coefficient of a quadratic equation defining a surface, one can calculate the required coeffi-

cients A_ B, C, D, X0, Y0' and Z 0.

The equations shown above require that all parameters must be in units consistent with the

nuclear properties of the zones.

The maximum number of surfaces that can be employed in a KAP-V problem is limited to

100.

2.1.2 Zones

A zone is defined as a region containing a homogeneous composition of materials and is

bounded by a set of geometrical surfaces as defined by the surface equations. Geometrical

surfaces described in a problem geometry are used to define the exterior boundaries of zones in

a problem. Each zone is described as a volume bounded by as many as six intersecting surfaces.

The boundary surfaces of a zone are designated by the geometric surface numbers.

KAP-V uses the "point-in-region" technique to assign the boundary surface-zone relation-

ship values to each of the zone boundary numbers, since the relationship of the zone with respect

to each of its boundary surfaces must be known for a KAP-V geometry calculation. This relation-

ship is designated by the sign (plus or minus) cf the zone boundary number and is called the

"ambiguity index". The ambiguity index defines the position of a zone with respect to the zone
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I boundary surface as being an interior (+) or exterior (-) zone.

assignmer t of am )iguity il di¢es by th .=p ogram user is c ifficu • "

I vent this ;_roblerr, the K/P-_ progra, _ r=quires as ir put the C

(Xp, Yp, Zp) within each zone. UsiJ tg t _e.;e-point :ooMdinah

I (LBD) for boundary oF a zone, a ld he equatlo i nk tubereach

calculation of the ambiguity index is straightforward. 1 he sul

I (Xp, Yp, Zp) define the quantity, V, for each particular equation number (NEQBD

I 6) V = A(Xp-X0)2+ B(Yp-Y0 )2+C(Zp- Z0)2+ X0X p+YOYp+ Z0Z p- D

I V = A(Xp - X0)2+ g(Yp - Y0)2+ C (Zp - Z0 )2 - D

V = (Xp- X0)2- (Yp - Y0 )2- D

I V=X -D
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In complex geometries, the

assignment of ambiguity indices by the program user is difficult and time consuming. To circum-

vent this problem, the KAP-V program requires as input the Cartesian coordinates of a point

Using these point coordinates, the designated surface numbers

(LBD) for each boundary of a zone, and the equation number (NEQBD) of the surfaces, the

The surface equation and the coordinates

= 1 through

P

(NEQBD = I)

(NEQBD = 2)

(NEQBD = 3)

(NEQBD -: 4)

V= Y - D (NEQBD =5)
P

V = Z - D (NEQBD =6)
P

The sign (+) of the quantity V determines the ambiguity index of the boundary surface of the

zone. This ambiguity index is assigned to the boundary number LBD. If V is negative, the zone

is internal to the boundary surface and the boundary number LBD is given a positive sign.

Similarly, if V is positive, the zone is external to the boundary surface and the boundary num-

ber LBD is given a negative sign. The ambiguity index calculation is performed at the beginning

of each KAP-V source region calculation, and the computed signs are used for all geometry cal-

culations for this source region.

External zones can be described by a single boundary surface. External boundary surfaces

of external zones need not be defined. An external zone is recognized by the program if the

sign of the boundary is a negative number. The sign of the boundary number of an external zone

must be input by the program user.

2.1.3 Geometry Calculations

The geometry calculation begins with the computed Cartesian coordinates of a source
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I

I

point ( X S, YS'

follows:

Z S)and a detector point (XD, YD' ZD)' These coordinates are computed as
I

m m

X S = R. cos gk,I i

YS = R sini gk, i C_,ylindrical Source Point

or:

I
I
I

XS = Ri cos gk, i sin ii I
m

= . Spherical Source PointYS Ri sin gk, i sin _1 |

Zs = Ri cos "_i I

X D = RD cos gD I

YD = RD sin gD Detector Point I

where:

Z D = Z D

I

gk, i

= the geometrical mean of the source interval bounded by the

radii R. and R. 1' i.e.,I I -f"

_R 2 + R21_. = i+1 ,
, 2

= the arithmetic mean of the azimuthal source interval for each

radial interval, i, bounded by gk, i

gk+ 1, i +gk,i
gk, i = 2

and gk + 1, i" i.e.,

10
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Z. = the arithmetic mean of the axial source interval bounded by Z. and
I I

Z.I+ 1' i.e.,

_'. -
I

Z. +Z.
I+I I

2

4i- = the arithmetic mean of the polar source interval bounded by 4j and

4 i + 1' i.e.,

4. +_.
I +1 I

4. --
I 2

RD = the radial coordinate of the detector point (input to the problem)

gD = the azimuthal coordinate of the detector point (input to the problem)

Z D = the axial coordinate of the detector point (input to the problem)

The total "line-of-sight" distance, p, between a source point and a detector point,

and the direction cosines (a, B, Y) are then computed as follows:

! iii i

P = _(XD " XS)2 + (YD - YS)2 + (ZD - ZS )2

X D - X S
a = p

YD - YS
B- p

I
I the input value, FUDGE, desTgnoted by

I

The next step in the geometry calculation is to obtain the path length, PZ' traversed in

each region along the "llne-of-sight". This calculation begins with the coordinates of a "pseudo-
I I I

point" (X , Y , Z ), along the "line-of-slght" which is related to the original source paint by

4. Th|s calculation |s performed as:

i X = XS+ aA
I

y = YS + #6

I
Z = Zs+YA

I 11
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(' VlThis pseudo-point, X , Z is used in conjunction with input zone boundaries, suP-

face numbers, surface equations, input surface parameters, and the source zone number to
I I I

calculate the correct zone in which X , V , and Z lies. The actual operation performed is

a cyclic calculation of the quantities, VbZ, for each boundary, b, of the source zone, Z. The

cyclic calculation begins in the zone specified by the input value, IZSO. The values of

Vbzdepend on the equation number NEQBD b of boundaryjb, and follow as:

= A(Xp-X0 )2+ B(Yp-Y0 )2+C(ZP- Z0 )2+ X0X p+ YoYp+ Z0Z P-D,Vb Z

= A(Xp - X0)2 + B(Yp - Y0 )2+ C (Zp - Z0 )2- D,VbZ

= (Xp - X0)2- (Yp - uY")2 _ D,VbZ

Vbz = X - D,P

VbZ = Y - D,P

VbZ = Z -D.P

If the sign of the quantity, VbZ, and the sign (ambiguity index) of the boundary surface
I I I

number LBDbz , are of opposite sign for all boundary surfaces, the point (X , Y , Z ) lies

within the region or zone, Z. If the point does not lie in the IZSO zone, the program searches

the zones in a specific order as follows: IZSO + 1, IZSO + 2, ........... up to the number of

zones, NREG; then it begins with Zone 1, 2, etc. up to IZSO-1. If a zone is found which
I I I

contains the point (X , Y , Z ), the calculation proceeds to the next geometry calculation

step. If no zone can be found which contains the point, the region calculation is terminated

by printing an error statement along with the results for source regions preceding that one in

which the error occurred.

The next step in calculating the path length in each region involves the analytic solution
I I I

of distances from the point (X , Y , Z ) to each boundary surface of the zone. The solution

is obtained by solving the boundary equations for the point of intersection of the "llne-of-sight"

and the surface in question. These distances to each boundary are sequentially tested, and

the minimum distance in the correct direction is selected as the distance from the "pseudo-
I I I I

point", (X , Y , Z ) to the correct boundary. This quantity is defined as PZ"

I

I

I

I

I

I

I

I

I

I

I

!

I

i

r

I

I

r
12



I

I
I

I

I
I
I

I

I

I
I
I
I

I

I
I

I
I

I

(_ AstronuclearLaboratory

At this point in the calculation, the correct path length in the zone is calculated as:

!

PZ = PZ +A

The material path lengths, Pm' for each material, m, are immediately calculated as cumulative

sums from PZ' and composltion, material matrix values, g as follows:
mc t

Pm = Pm+ PZ'gm, c

In the above equation, c is the specific composition of the zone, 7-_, (quantities,gin, c' are

discussed in the next section), and p is set to zero at the beginning of each source-to-detectorm

calculation. The final operation in the source zone path length calculation is the starting

point for obtaining the next zone (along the line-of-sight) path length. The input values,

NTRYZNbz, determine the "most probable" zone entered upon crossing boundary, b, of

the zone, Z. With the last calculated value of PZ' a new "pseudo-point" along the line-of-

sight is calculated as:

I I

X =X

I !

Y =V

I I

Z = Z

+ ap Z

+_Pz

+ 1,p z

These current "pseudo-paint" coordinates and the zone number, NTRYZNbz , are used in the

operations described above in calculating data for the next zone traversed in the source-detector

"line-of-sight". The data of:

1) the correct zone,

2) the zone path lengths,

3) the new material path lengths, and

4) the zone entered upon crossing the correct boundary

are obtained for each zone along the line-of-sight. This cyclic procedure (calculation of

zone path length) continues until an "outside zone" is reached o___runtil the detector paint,

(XD' YD' ZD)' is reached. At this point in the program, the total material path lengths,

13
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Pm' on this particular source-to-detector "line-of-sight" are known, and hence the material

attenuation functions and the source point detector flux can be evaluated. This source point-

to-detector point calculation is repeated for each source point in a source region until the

entire source region is accounted for.

2.2 MATERIAL AND NUCLEAR PROPERTIES

I

I
I

The contents of the KAP-V regions are described as homogeneous mixtures of constituents I

(elements or materials). These elements or materials, which may be used in as many regions

as desired, are defined by a matrix of numbers, gm, c" The quantities, gm, c' describe either I
the density or the volume fraction of each constituent, m, in each composition, c. The density

(weight of material/region volume) is used, for example, if the mass gamma ray absorption •

coefficients in units of cm2/gm are employed. Volume fractions, i.e., the fraction of the

region volume occupied by an element or material in a region composition is used, for example, j
-1

if linear gamma ray absorption coefficients in units of cm are input to the program. The

maximum number of compositions is limited to fifty, each consisting of a maximum of 20 con-

stituents (elements or materials). An example of this matrix is shown in Table 1.
Ig'

The data in the matrix, gm, c' are used in the geometry calculation to obtain the total I
thickness density, gm/cm 2, if g is in units of gm/cm 3, or total thickness, cm, if g

m, c m m, c

is input as volume fractions. This operation is as follows:

I
where the composition number, c, is specified as being in zone, 7_.

Values of Pm are used in calculating the neutron and/or groupwise gamma ray penetration I

depth for each source to detector path length through each element or material, m.

A "void" is defined as a composition with zero density or volume fraction for each con- I

stituent in the matrix.

Nuclear data, such as gamma ray attenuation coefficients in a KAP-V problem are I

required for each constituent (element or material) in the material matrix. Specifically,

required nuclear properties are the groupwise gamma ray mass or linear absorption coefficients, I

14
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TABLE 1

ELEMENT OR MATERIAL COMPOSITION MATRIX (_M, C )

1 2 3 4

Element or Material Number, M

• MAT

U

Z

o--
4.o--

&
E
0

u

' %,, 5,, 5,, %,,

2 %,2 %,2 %,2 %,2

3 e,,3 %3 %3 %,3

NCOMP _I, NCOMP _3, NCOMP

% NCOMP %,NCOMP

OMAT, I

_MAT, 2

_MAT, 3

@MAT, NCOMP

15
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(HiP)m, or Hm, and the mass or linear neutron removal cross sections, (_,/p)m °rZm" The

user must input (or compile from the library as discussed in Section 2.6) these quantities in

dimensions consistent with the material matrix quantities, g . For example, if (p/p) and
m,c m

(Z/p)m are input in units of cm2/gram, then g 's must be in units of grams/cm 3.
m,c

2.3 SOURCE

The KAP-V program can employ either a cylindrical or a spherical source region, as well

as the basic source geometries of a point, line, or disk. The source distribution in cylindrical

or spherical geometry is assumed separable in the spatial (radial, axial, or polar, and azimuthal)

coordinates. The source energy distribution is input as a separate quantity.

The source distribution can be input as unnormalized radial and/or axial source data. The

program integrates and normalizes the input distribution data to obtain the source strength of

the source point representing each finite source volume in the source region.

The program assumes that the azimuthal distribution of the source density is uniform. The

uniform azimuthal distribution data is used within the program to properly normalize the

source.

The same distribution may be assumed for the gamma ray and neutron source, or__, the user

may specify a different source distribution and normalization constant for gamma rays and

neutrons.

2.3.1 Energy Distribution

The quantity, F(E n or EG), defines the source strength in each energy group. For the

gamma ray source strength, the quantityF(EG) , may represent the number of particles (or

photons) of energy, EG, or energy release (Mev) at energy EG. The user must provide

dimensionally consistent data for the total power (if source strengths are input on a per watt

basis or the gamma ray source input), AT, it in the source region, along with the gamma

ray group source strengths, F (EG).

The neutron energy distribution parameters, F (En) , for the neutron differential energy

spectrum function can be input as integration factors, AEn, or as parameters to convert the

neutron spectra data from units of one fission source neutron to units of neutrons per fission or

16
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per watt. Also the quantity, r(En) , allows the user to input the total power or total fission

rate in order to make the spectral data dimensionally consistent. The units of I'(En) must be

dimensionally consistent with the total power (or neutron source strength) input as AT, 2"

Although the Albert-Welton function computes an energy independent dose rate based

on a fission spectrum source, a separate quantity, rAW, may be input to the code to provide

a "source strength" for use with this function.

2.3.2 Spatial Distribution

The spatial source in a KAP-V source region is represented as a finite number of volume

elements, each of which are represented as a source point. The source density at each source

point, and the location of each source point, are determined by the program from input source

parameters. The program includes techniques to calculate source point densities from: (1)

analytical functions (uniform or flat, cosine, exponential), or (2) pointwise source values. The

unnormalized source densities for gamma rays or neutrons are defined as the separable quantities:

f _i ), f (Z'j), f (¢j), and f (gk, i)' for the space coordinates of R (radius for cylindrical or

spherical sources), Z (axial dimension for cylindrical sources), ¢ (polar angle for spherical

sources), and g (azimuthal angle for cylindrical and spherical sources), respectively.

By means of the input quantities, (ISRC, ISZC, and ISTC), the program user selectes a

technique for calculating the source density variation of interest.

Analytical Functions

The KAP-V cylindrical and spherical source density functions for the variable, R (radius),

are described in equations 2.4 through 2.7.

The function, f (R i ), in equations 2.4 through 2.7 defines the unnormalized source density

for each radial interval. The source point is placed at R. of each annular source interval bounded
I

by R., and R.l+l. The quantity, Ri' is defined by equation 2.1.

_R_ - R.2-R. = i+l+ i
i 2 (2.1)

17
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The function f (_'j or _j) in equation 2.8 through 2.11 defines the unnormalized __s°urce g

for each axial or polar interval. The source point is placed at the arithmetic mean, Zj, or

_j, of the axial or polar source interval bounded by Z.I and Z.I+ 1 or _j and _.1+ 1 as defined

by equations 2.2 and 2.3:

Z. +Z.

_-. = i + 1 I (2.2)
I 2

_i ÷ _"
_'_'i= +21 I (2.3)

I

I
I

I
The analytical functions for the cylinder and sphere,

parameters, follow as:

Cylinder - Unlform Source Density (ISRC = 1)

and the only required input I

I
Ri+1

fNi)= _ RdR

where values of R. are required input.
I

Cylinder - Cosine Variation of Source Density (ISRC = 2)

(2.4)
I
I
I

R.

f('Ri)= cos ×1 R- X2 RdR

I

(2..5)

I

I
where values of x 1, x 2 and R.= are required input.

Cylinder - Exponential Variation of Source Density (ISRC = 4)

Ri + I R]f(Ri ) = X 2 " exp IX 1

I

RdR (2.6)

I

I
I

where values of ×1' X2 and R. are required input.
I I
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Sphere - Uniform Source Density (ISRC = 6)

RI+ I

f('Ri) -- L R2dR
R.

where values of R. are required input.
I

Cylinder- Uniform Source Density (ISZC-- 1)

.fz_7i
_ +1

f (z i) = dZ
I

where values of Z. are required input.
I

Cylinder - Cosine Variation of Source Density (ISZC = 2)

Z.

fz+, [f (Z i) : cos _1 Z - _2
I

dZ

where values of _1' _2 and Z. are required input.
I

Cylinder - Exponential Variation of Source Density (ISZC = 4)

Zi+l

f (zi)= Jzz _2 "exp [_1 Z] dZ

where values of _1' _2 and Z. are required input.I

.Spherical - Uniform Variation of Source Density (ISZC = 6)

¢'i+1

f('_i )=f,. cos _d_
I

where values of @.
I

are required input.
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Pointwlse Source Density

Polntwlse source density can be specified as input point values at the spatial limits

(Ri, Ri+ 1 or Zj, Zj+I ) of each interval in the source region, or as point values calcu-

lated from input point values at spatial points other than the desired space points.

Input point values defined as g(Ri) at R.j and g(Z_) at Z.I are used directly in the program

to obtain the source dens|ty parameters of f(Ri) and f(Zj). The use of these point values

are specified by the input values ISRC and ISZC. The techniques used for direct input value

calculations are based on a source variation between two adjacent spatial points, i.e., Ri,

R.=+I or Zj, Zj+ 1. The point value calculation for cylindrical and spherical source regions

follow as:

Cylinder - Linear Variation of Source Density (ISRC = 3)

RI+I

I

JaR+ b] RdR (2.12)

where a and b

g(R i) at R.i and

are computed internally by the program from the adjacent values

g(Ri+l) at R.I+1 "

Cylinder - Exponential Variation of Source Density (ISRC -- 5)

where

g (Ri)

Ri+1

f('Ri ) = _ x2" ex p ix 1 R]
RdR (2.13)

X 1 and X2 are computed internally by the program from the adjacent values

at R. and g(Ri+l ) at R.w i+I "

Variation of ISphere - Linear Source Density (ISRC = 7)

Ri+ 1

R.
W

2O

I

l
l

I

I
I

I

I

I

I
I

I
I
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I

I

where a and

g (Ri) at R.
I

b are computed internally by the program from the adjacent values

and g (Ri+l) at Ri+ 1 .

Cylinder - Linear Variation of Source Density (ISZC = 3)

I Zi+l

f (Zi) = _ [aZ + b] dZ

I z.I
(2.1s)

I where a and b are computed internally by the program £rom the adjacent values

g(Zj) at Z. and g 1) at Z.I (Zi+ I+ 1 .

! Cylinder - Exponential Variation of Source Density (ISZC = 5)

Zi+l

I f('ZJ)=J_2 E2" exp [_ Z] dZ
Z. 1

|, '
w he re

E1 and E2

g(Z i) at Z. andII

I

I

I

I

I
I

I

I

(2.16)

are computed internally by the program From the adjacent values

g(Zj+l ) at Z.I+ 1 •

The technique of calculating point values from input point values at spatial points other

than the desired space points is a very useful facet of the KAP V program. The input point

values may be representative of a fine radial mesh output from a transport code problem. The

fine mesh may, however, provide too many source points for economical use in a point kernel

calculation. Therefore, the user of the KAP-V code can input the exact transport code output

data, of g' (R') versus R', and the code will interpolate new point values g (R) at

R, where the values of the new radial mesh, R, are selected to better represent a point

kernel source point description. The point values g (R) at R are used in the equations

2.12 through 2.16 described above to calculate the pointwise source density. This interpola-

tion technique is controlled by the input quantity ISIT, and the spatial distributions of the

source are input as the point values, FSIT, at RSIT and ZSIT, as described in the section on

input data, Section 4.0.

21
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Azimuthal Variation

The azimuthal distribution is assumed to be uniform in the azimuthal space variable, g,

for cylindrical and spherical source regions. The user of the KAP-V program has the option

of specifying the mode in which the routine will subdivide the g variable into intervals as

shown in equations 2.17 through 2.19.

Same Number of Azimuthal Intervals in All Radial Intervals (ISTC = 1)

0k +1,i/-
f

(O'k, i ) = JA de Required input, 0k, 1
0k,i

Variable Number of Azimuthal Intervals in Each Radial Interval (ISTC -- 2)

(2.17)

0k+l,i

J00 are required input for eachf (Ok ,i ) = d0 ek, i

k, i radial interval

Variable Number of Azimuthal Intervals in Each Radial Interval (ISTC = 3)

(2.18)

._0k +1,1 d0

F (O'k, i ) = tk.1 ki is required input for radial

I intervals

(2.19)

These three options allow description of the three possible variations shown in Figure 3.

One additional option is available to the program user: if discrete point sources are of interest,

then the quantity ISRC is input as a zero, and the source density is input as f (R, Z, g). This

option allows the user to describe a variable source density in the azimuthal variable, g.

2.3.3 Normalization of Source Parameters

The source normalization routine in the KAP-V program gives the user the versatility to

input the source distribution data in unnormallzed form. The program normalizes the source

parameters as shown in the equations which follow.

22
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INPUT DATA

IFISTC=I t gK, 1 IS INPUT AS0.0,

1. 5708, 3. 1416

IFISTC=2 t gK, 1 iS INPUT AS0,

1.5708, 3. 1416, gK, 2 IS INPUT AS 0,

.7854, 1.5708, 2.3562, 3. 1416

IF ISTC = 3,

K 1 iS INPUT AS 2,

K2 IS INPUT AS 4,

K3 IS INPUT AS 5

611855-44B

I Figure 3. Examples of Azimuthal Source Description

!

! 23



®

where:

Astronuclear

Laboratory

Cylindrical Source Region

Gamma Ray Source

p, = AT, 1 (2.20)

1 [01,k+1 - 01, 1] "//fl_i )" fl (_'i)" RdRdZ

RZ

AT, 1 -- the gamma ray source normalization constant which is input as ASOI(1).

= the upper limit of the e variable for the gamma ray problem81, k+1

01, 1
= the lower limit of the g variable for the gamma ray problem

fl _i ) -- the unnormallzed gamma ray source density at each radius, R.t

fl (Zj) = the unnormalized gamma ray source density at each value of Z.I

the unnormalized gamma ray source density at each azimuthal value

gk for each radial position, i (i.e., '_gk,i )

Neutron Source

If ASOI (2) is input as zero, then the program uses the gamma ray source, AT, 1 , and

distributions for neutrons and solves the same equation described for gamma rays. If ASOI(2)

in not input as zero, then the program solves the following equations:

24
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I
l

2

k+l

AT t 2

01,i] '/f f2(R';)" f2(Zj)RdRdZ
RZ

(2.22)

I I •

f'2(_k,|/ = P2 f2(Ok,i ) (2.23)

I where all terms were previously defined and the subscript 2 refers to neutron data.

The normalized quantlty, f' (gk, ;)' and the unnormalized quantities, f ('Ri) and

I f (Zj), provide the source magnitude of the source point defined at the coordinates -R;, _i'

and gk, - - -; as S (Ri, Zj, gk,i ) in units of watts or particles per second.

I This source parameter data is stored internally to the program and is used in the

definition of the source magnitude for each source-to-detector calculation.

J The user has the option of specifying the source region azimuthal parameters,

gl, k +1' gl, 1' or g2, k+l ' g2, 1 such that the source region symmetry is accounted for

i in the normalization. If AT, 1 or AT, 2 is total power (or source strength), and if gl,k +1

and gl, 1 are 7r and 0.0, the power or source density is effectively twice that in the source

I region. Hence each source point source at gl, k includes its mirror image at gl k+ 7r.
!

I

I
t

I

I

I

Spherical Source Re.q/on

Gamma Ray Source

I

P1

A
T, 1

[gl, k+l-g1,1] .//s:in (_).i fi ('_j)'fl(Ri )R2dRd' (2.24)

¢,R

f1'("gk,,,i )= P'I ° fl (g'k,i) (2.25)

where:

fl('_j ) = the unnormalized gamma ray source density at each polar coordinate,

_j and all other terms are as previously defined.

I

I 25
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Neutron Source

AT r 2

[gi, k +1 -gl, 1] "ffsin (÷). f2 (3j). f2 (R'i) R2dRd÷ (2.26)

R

f'2 (g'k,i): P'2 " f2 _k,i ) (2.27)

P2'

where all terms are as previously defl ned, and the subscript 2 refers to neutron data.

2.4 MATERIAL ATTENUATION

2.4. I Fast Neutron

The KAP V program contains three material attenuation options for obtaining the neutron

response at a detector point. The user can specify the use of the modified Albert-Welton

material attenuation function (2), and either a blvariant or monovariant polynomial material

attenuation function for calculating differential neutron spectra employing infinite media

moments data. Various conversion factors can be applied to any of these three functions, as

described in Section 2.5 for conversion to different units.

Fast Neutron Dose Rate

A modification of the Albert-Welton function is used to calculate the fast neutron dose

rate from fission sources in mixtures of hydrogenous and heavy materials. This function combines

a theoretical hydrogen cross section with integration over the fission neutron spectrum to

obtain the uncolllded flux or dose. Attenuation effects of non-hydrogenous materials are

included by employing exponential attenuation with effective removal cross sections.

The basic assumption in theAIbert-Welton function is that all heavy materials are

followed by sufficient hydrogenous materials to validate the use of neutron removal cross

sections for the heavy materials. In addition, the Albert-Welton function is an integral

quantity calculated from theoretical consideration of the energy dependence of neutron

cross sections and the variation of neutron spectrum with penetration in hydrogen. Hence,

the Albert-Welton function dose rate does not include buildup of neutrons at lower energies.

26
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The equation coded in the program for computing the energy independent fast neutron

response at the detector from each source point is:

D = rAW . S (Ri,Zj, gk)._,(W'R,X R)
n 2

47r p
(2.28)

where:

J_AW = the "source strength" for use in the Albert--Welton function.

S (Ri, Z. I, gk ) = the volume weighted source strength for the source point, located

atff. _
J' J ' k,i

P

¢'(W'R, XR) = _I "

M

W' R

= the distance (cm) from the source point to the detector point.

[XR]C_2 exp [-%XR]_fexp[-W'R] (2.29)

='_'_ Z'mPm (2.30)

m--1
M

XR =_"_ _/m Pm

m

m=l

= non-hydrogenous removal cross section for all materials, m

(2.31)

P
m

= the path length for each material, m

m

1' c_2' o_3'

the ratio of the hydrogen density in material m to the hydrogen density in

water

and _4 are constants.
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The user will note that in equation 2.31 the units of X R may be either cm or gm/cm 2

depending on the units of the path length (pm ). Hence, care must be exercised in applying

the input quantity, _m' to assure proper units.

Since the Albert-Welton function (e quatlon 2.29) cannot be used to calculate the

neutron dose rate for small values of XR, the following equation (originally coded in Program

14-0) is employed in the KAP V code:

Values ofcz5, or6, and at7, are input to the code. The units of _'1' (eq. 2.29) and_ 5

(eq. 2.32)must be compatable to provide proper units for dose rate calculations.

Neutron Spectra

Either a monovariant or a blvariant polynomial expression can be employed to calculate

the differential neutron spectrum. The monovariant polynomial data are available as sets of

data representing specific differential spectrum energy points and are solved only in the

variable of material depth penetration, W R. In contrast, the bivarlant polynomial data are

available as sets of data which are solved as a function of initial neutron energy, E
n' as

specified by the user, and material depth penetration, W R.

The monovariant and bivarlant polynomial representation of the moments method data is

derived from the infinite medium moments method data such as that generated by the Nuclear

Development Corporation (7) The polynomial coefficients are applicable over specific

depth penetration or energy. The user of the KAP program specifies the applicable ranges of

polynomial data. Both polynomials are based onthe infinite medium of the particular material

(hereafter called the reference material) used in the moments method calculation. The inclusion

of other materials is based on their equivalent neutron removal in comparison to the reference

material; hence, extreme care must be used in selecting the removal cross section for material

in non-hydrogenous media(e.g., carbon and beryllium media). The equivalent depth penetration

in the reference material is calculated in the program as:
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M

wR =_ z_"dzR
m=1

where, 2;R is the neutron removal cross section for this reference mater|aJ.

The user specifies a separate set of neutron removal cross sections, _m' for the neutron

spectra option which is not the same set that was used in the Albert-Welton function. The

program then uses these cross section data in the evaluation of W R. A restriction of the

moments data evaluation in the KAP program arises when the depth penetration exceeds the

range of applicability of the polynomial data. The program automatically truncates the

polynomial evaJuaf|on at % = 120 gm/cm_ However, the user is provided with the capability

to input energy dependent extrapolation parameters, X(&n) , for extending the range of the

moments data functions.

(2.33)

I
I

I

The equation coded in the program for computing the differential neutron energy

response at the detector from each source point for each scattered neutron energy, E is:
n

r(E ). S Z.._( E)
D (E) = n (Ri, I, @k) WR, n (2.34)

n n
2

4Tp

where :

I F(En) = the source strength for each group, En, and all other parameters were

previously defined except_I,(WR, En) which is described below.

Neutron Spectra Monovariant Polynomial

I •/wREn/exp[  WR
I where:

I f (WR, En) = 'Yi (En) " WR

i=O

I

(2.35)

(2.36)

I 29
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W R

1,i = monovarlant polynomial coefflclents fit to the

|nflnite med|a neutron spectra data

> 120.0 gm/cm 2,

I

I

X(E n) parameter for extrapolation of the neutron spectra

data for each neutron energy, En

(2.37) I

I
I

whe re:

If,

Neutron Spectra Bivariant Polynomial

_'(WR, En)=exp[f (WR, En_

4 6

F(WR, En)=_-'_j _-'_ AijEnJWR i

i=o i:o

A .. = bivariant coefficients fit to the infinite media
II

W R> 120. (, gm/cm 2,

neutron spectra data

(2.38)

(2.39)

I
I

I
I

I

f (Wr, en)= aii Eni 120.0 i exp X(En). (WR-120.L, (2.4(.',) I

i=O

2.4.2 Gamma Ray

The KAP-V program calculates and prints as output data both the uncollided and coll|ded

(based on buildup factors) gamma ray functions.

I

I

3O



I
I ®

I The equation coded in the program for computing the response at the detector from each

source point for each gamma ray energy group, EG is:

I I'(E..). S ('R., Z.,O.)" ¢,(P , E...)

D(E ) = L_ I I K ,,m

I 1" G 4T p2

I where: £(EG) = the source strength for each group, EG,

defined previously, except _'(Prn'

I Uncollided Gamma Ray Flux

I _,_ EG) : eMP [-bT(EG) ]

I _T_1 : _ _ _) _where!

I m=l .
Pm (EG) - the gamma ray total absorphon

for each material, m, and eac_

I group, EG.

I Collided Gamma Ray Flux

¢'(Pm' EG) = B(Pm, EG)" exp [- bT (EG) ]I
where: B(Pm, EG) = B[bT(EG) ]I

i or, if bT (EG)> 20.0,

B(Pm, EG) = B(20.0)

II 3
• I

I and, B[bT(EG) ] : _ j31(EG) [bT(EG) ]

Astrofluclear

Laboratory

(2.41

and all other terms were

_' (Prn' EG) which is defined below.

the gamma ray total absorption coefficient

for each material, m, and each gamma ray

(2.42)

(2.43)

(2.44)

(2.45)

i=0

(2.46)

I
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The quantities, _i' are the coefficients for the cubic polynomial fit to the infinite media

buildup factor data. These values of _. can be either input to the code or obtained from the
i

built-in library described in Section 2.6. In the above equation, bT (EG) , is not allowed to

exceed 20.0 mean free paths, because the polynomial functions are not valid beyond this

range.

The user will note that in equation 2.43, the units of tsm (EG5 can be input as either
-1

cm or cm2/gm depending upon the units of P . If the library of the gamma ray absorption
m

coefficients (see Section 2.65 is employed in the program, the units of Pm (EG5 are cm2/gm.

2.5 CONVERSION OF RADIATION LEVELS TO VARIOUS UNITS

A desirable feature of the KAP-V program is the ability to apply conversion factors to the

total energy independent fast neutron response, the differential neutron energy response, and

the gamma ray response. For example, application of the conversion factors to the gamma

ray response could, at the option of the user, provide gamma ray output data in units of:

Mev/cm 2 -sec, R,/hr, R,/hr-watt, Rads-carbon/hr, watts/gm-steel, watts/gm-aluminum, etc.,

all in one run on the computer.

First, the code calculates the total response at a given detector from all source points in

a specific source region as follows:

DT -- _ D -- Total energy-lndependent (2.47)
n _ n fast neutron response

over all

source points

DTn(En5 = _ Dn(En5 = Total differential fast (2.485
neutron energy responseover all

source points

DTy(EG5 = _ Dy(EG) = Total gamma ray response (2.495

over all

source po|nts
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where: Dn, D n (En), and D (EG) were previously defined for each source point, in Equa-1'
tlons 2.28, 2.34, and 2.41, respectively.

A set of ten energy independent converslon factors may be input to convert the quantity,

DTn, to other units; a second set of ten converslon factors for each group, En, may be input

to convert the quantity DTn (En) , to other units; finally, a third set of ten converslon factors

for each group, EG, may be input to convert the quantity, DTy(EG) , to other units. There-

fore, for each detector point calculation, a total of thirty different responses may be obtained

as output data.

The equations solved in applying the conversion factors are as follows:

Albert-We hon Function

DT' = DT " C 1 (2.50)n,1 n

DT'n,2 -- DTn " C2

where:

etc.

C1, C2, .... , C10 = the input conversion factors, RSPA.

Differential Neutron Spectra Function

DT'n ,1(En ) = DT n (E n)" C I (En)

D'
Tn 2(En ) = DTn(E n)" C 2(E n)

(2.511

w here:

etc.

C 1 (En), C 2 (En), .... , C10 (En) each set of input conversion factors

(RSPN), for each group, E
n
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Gamma Ray Function

DT' I(EG) = DTy(E G)" C I(E G) (2.52)Y,

DT',,2(EG) = DT,(E G) • C2(E G)

etc.

where: CI(EG) , C2(EG), .... , C10(E G) = each set of input conversion factors

(RSPG), for each group, EG.

The user will note that at least one set of response functions must be input for each func-

tion, DTn, DTn (En)' and DTy(EG). Otherwise the program will multiply by zero, and all

values of DT'n, DT' n (En) , and DT'I,(EG) will be printed as zeros.

2.6 LIBRARY DESCRIPTION

Gamma ray library data are included in the program to reduce tedious preparation of input

data and to provide the user with latitude in specifying source gamma ray energies (e. g., a

single 2.23 Mev gamma ray from hydrogen radiative capture or any of the radioisotope gamma

ray source energies). The gamma ray library data consists of: 1) gamma ray mass absorption

coefficients as a function of element atomic number (Z)and gamma ray energy(EG), and

2) gamma ray buildup data as a function of material (H20 , AI, etc,), type (energy, dose,

energy absorption), and gamma ray energy (EG). The calculated data requested from the

library are stored internally by the program in the correct input data array.

2.6.1 Gamma Ray Mass Absorption Coefficient Data

Gamma ray absorption coefficients for each element can either be input to the program,

or calculated from library data, or both. The program assumes the library calculated data to

be the first set in the coefficient data, and the user (if using both options simultaneously) must

input coefficient data at the proper addresses (see Section 4.4).
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The gamma ray absorption coefficients in the library are calculated by two methods, de-

pending on the atomic number oF the element which is input to the program. These mass absorp-

tion coefficients are computed in units of crn2/gm.

Method 1 (1 _<Z _<19)

If the atomic number (Z) of the element is less than Z -- 20, the program uses parabolic

interpolation of tabulated data to obtain the mass absorption coefficient, ts/p (EG) , at energy

EG for the specified atomic number. A total of 19 sets of tabulated mass absorption coefficient

data are included for Z = 1 through 19. Each set contains the 28 energy points presented

in Reference 5. The 19 sets of element coefficient data were obtained from References S and 8.

Method 2 (19 < Z_<92)

If the atomic number (Z)of the element is greater than 19, an equation for/_ p (EG) /
/

in the form of a blvarlant polynomial is solved to obtain the mass absorption coefficient as a

function of element otom|c number (Z) and gamma ray energy (EG). The mass absorption

coefficient calculation follows as:

3 3

(EG) = _'ng (Zm) (2.53)

m n=0 g=0

The Tng's are blvarlant polynomial coefficients from Reference 5 fitted over two energy

ranges of 0.2 to 2.0 Mev, and 2.0 to 10 Mev. If the input gamma ray energy is below 0.2 Mev,

or greater than 10.0 Mev, the program sets the energy equal to the limit (0.2 or 10.0 Mev)

and obtains the absorption coefficient at the energy limit.
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2.6.2 Gamma Ray _ildup Factor Data

Gamma ray buildup factor data in the KAP V program can either be input to the program I

as specific energy group data, or the user may calculate the buildup factor using a bivariant

polynomial equation. The program contains a library of a single set of blvarlant polynomial I

I

data (Reference 6) that can be evaluated for each gamma ray energy group. Buildup factor

in_t data to the program is restricted to the cubic polynomial data in the variable, bT(EG). 1
The buildup of gamma ray energy is represented by a single material. Hence, the user must

select a set of polynomial data which is representative of the system material composition (e.g., I
in the NERVA-ty_ reactor system, water buildup data is the most applicable data available).

1

The polynomial form of the buildup factor in the program is: 1

3

B (bTfEG))= _I(EG)[bT(EG)] i (2.54) 1

i=o
I

If the user specifies the buildup factor library data, the control word IBILD and the input I

gamma ray energies, EG, are used in computing the polynomial coefficient_ _ I(EG), to be 1

used in all buildup factor evaluations. The values of B ;(EG) are internally comput_ by 1
the program from the bivarlant polynomial expressions presented in Reference 6. These

blvariant polynomials have certain restrictions which the program handles as follows: 1

1. If the gamma ray energy is less than or greater than the applicable energy range of 1

the bivariant polynomial data, the buildup factor coefficients Bi(EG)'S are evaluated at
1

the lower or upper limit of the range (see Table 2). 1

2. If the polynomial's applicable range (TMFP) of depth penetration, bT(EG), in mean

free paths, is different than 20.0, the program assigns a value consistent with the buildup II
data to be used.

3. If the blvarlant polynomial data is available for no ranges of energy, the program l
1

automatically selects the correct set of data to be evaluated for each energy.

!

I
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FOR GAMMA RAY BUILDUP COEFFICIENT EVALUATION

Value Material Buildup Type

i Water Dose

2 Water Energy

3 Water Energy Absorption

4 Aluminum Dose

5 A luminum Energy

6 Aluminum Energy Absorption

7 Iron Dose

8 Iron Energy

9 Iron Energy Absorption

10 Uranium Dose

! i Uranium Energy

12** Uranium Energy Absorption

! 3 Lead Dose

14 Lead Energy

15*** Lead Energy Absorption

17"** Tin Dose

19*** Tin Energy

21"** Tin Energy Absorption

23*** Tungsten Dose

25*** Tungsten Energy

27*** Tungsten Energy Absorption

Applicable Rar_les

EG(Iower) EG(upper) bt(upper)*

0.255 I0.0 20.0

II ii

II

0.5

15.0

0.5 10.0 15.0

*b (lower) = 0.O for all data, where b is the mean free patht t

**Data does not exist in Library

***Note: Odd numbered values are applicable between 0.5 and 4 Mev. Even numbered values,

which are not given, are applicable between 4.0 and )0.0 Mev. The code automatically

handles this problem.
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The buildup factor library data presently available in the KAP V program is shown in

Table 2 along with the applicable ranges of energy and depth penetration values which are

built into the program. The input values of IBILD that will select the desired data are also

presented.

The blvarlant polynomials solved by the program to obtain the buildup factor coefficients,

/_ I(EG), are :

/3 i(EG) --_ E ii(Zm)i (2.55)
i--0

or

I i/_i(EG) = E ii(_-m-m)
i=0

(2.56)

The program automatically selects the proper form of the polynomial as indicated by the

input values of IBILD, EG, and Zm.
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2.7 CALCULATIONS FOR A DETECTOR IN A SOURCE REGION

A basic difficulty with the point kernel technique is the calculation of the detector

response when the detector is located in, or very close to, the source region. This diffi-

culty arises when the denominator in the kernel approaches zero, i.e., in the equation,

_///41r p2, if P (the distance from the source point to the detector point) is a very

small number, the function, _ , approaches infinity, and yields misleading, if not erroneous

results. To obtain a meaningful (or valid) detector response when the source-detector separation

distance is small, the spacing of source points in the near vicinity of the detector must be

handled with extreme caution. The preceding discussion applies even when the option

(described in this section) is used.

To compute the analytical response at the detector within a source region using this

option, the control word ISCP must be input as the composition number of the source region

of interest, and SMFP, which is the total mean Free path of the source region composition

(ISCP), must be input.

This option, which is provided to the program user, should be applied judiciously.

Note that the option applies only to a gamma ray calculation. Also, the option is not

applicable when the source point and the detector point are at the same identical location.

The program then solves the following equation:

M

Ps(EG) --_ [+(EG) ] • 0m, ,SCP (2.57,
m

where:

Ps(EG )

0
m, ISC P

m-=l

m

= the macroscopic gamma ray absorption coefficient (cm -1) for the

source region of interest for each energy group, G.

= the _nlcroscoplc gamma ray absorption coefficient (cm2/gm) for

each energy group, G.

= the density (gm/cm 3) of each material, m, in the composition, ISCP.
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Intheab°veequati°n'I_(EG'_m , can be input asmacroscopic data (cm-1), if

Ore, iSCp_are input as dimensionless volume fractions.

Next, the dlmenslonless quantity, v , is calculated for each source point as:

v = p s (EG) " p

where p is the total distance (cm) from a particular sour_:e point to the detector point,

and p s(EG) is defined above.

For each source-detector path calculation, v is tested against the input quantity, SMFP.

If, v > SMFP, the code calculates the usual attenuation function. But, if v < SMFP, the

program solves the following equation as the gamma ray attenuation function, D y (EG), at the

detector for each group, G:

B(EG, SMFP) • _ (EG)" (1 - exp (-SMFP))

/

4 SMFP 3

where:

B(EG, SMFP) = the buildup factor for each group, G, computed as: /_o + 8, SMFP

= /_2(SMFp)2 + /_3(SMFP) 3

"S (E G )

3
4 SMFP

the source (e. g. watts or fissions per second) for the sphere whose

radius is defined as v for each group, G.

3
the volume, cm ,

The quantity, _(EG), is calculated as:

of the sphere, calculated for each group, G.

2;s,
where S'

all source points within radius, v ,

is the source for each volume in which a source point is located. Equation 2.58 is simply the

solution of the response at a detector point located at the center of a spherical source of _,

mean free paths in radius as given in reference 9, page 371.

4O

I
I

I

I
I
I

I

I
I
I

I

I

I
I

I
I

I
I
I



I

I

I

I

I

I

I

I

I

I

I

I

I

i

I

I

I

I

I

(_ AstronuclearLaboratory

The quantity, D_/ (EG) , is added to the detector response calculated for all the source

po|nts external to the sphere. Two examples are given to illustrate some problems assoc|ated

wlth the option° :

1. Figure 4 shows an r,z plane cut through an "exclus|on" sphere of rad|us, v .

A typlcal source point mesh is also shown in Figure 4. The detector polnt is located at D,

the center. For th|s example, attenuation functions for source polnts, I-4, 5, 8, 9, and 12-

16 would be calculated by the usual KAP V equatlons. The source strengths for the volume

elements surround|ng points 6, 7, 10, and 11 would be used in the "sphere" opt|on.

One can observe that a part of the volume surrounding points 6, 7, 10, and 11 is

outside the sphere, but are included in the total source calculations for the sphere; and, that

part of the element volume surround|ng point no. 8 (for example) which actually lies within

the sphere, |s no t.t included in the total source for the sphere.

These approximations are part of the option, and introduce some uncertalntles in the

answer.

2o F|gure 5 shows a sphere overlapping two regions having different compos|tlon numbers.

The zone w|th composition no. 1 is not a source reglono But that portion of the sphere which

extends into the region (shown by the shaded area) does, in fact, have a source strength as-

sociated w|th |t. Hence, a calculation us|ng th|s opt|on (as coded) when the detector is near

the boundary of a source reg|on, |ntroduces uncerta|ntles in the answer.
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Figure 4. Example of "Exclusion" Sphere Option
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SECTION

3.O PROGRAM LOGIC

The program logic for the KAP-V program is presented in this section. The flow

chart is constructed in a simplified form to illustrate to the user when a certain operation or

calculation is performed. The symbolism used in the flow chart is shown in Figure 6 and the

actual KAP-V logical flow chart is given in Figure 7. Each of the principal operations per-

formed by KAP-V are described in previous sections. The logic of the program as presented

in Figure 7 has the principal FORTRAN DO loops indicated as indexing loops A-D for

simplicity.
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OPERATION:

MAJOR OPERATION

MINOR OR INITIAL

OPERATION

DECISION:

IF

A:B

CONDITION I

CONDITION 2

ENTRY POINT:

0 y

EXIT (RETURN) POINT

Figure 6. Flow Chart Symbolism
611855-54B
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READ INPUT DATA
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3. REAL
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<
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<
I
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Figure 7. KAP-V
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SECTION

4.0 INPUT DATA INSTRUCTIONS

4. I GENERAL DESCRIPTION

The input data to each KAP-V problem or "change case"

data. The types of data are:

1) Alphanumeric data

2) Integer or fixed point data

3) Real or floating point data

consists of three types of input

The general card format consists of three subfields (card columns 1 - 12) for all types of

data, and a subdivided fourth field (card columns 13 - 72) for alphanumeric, integer, or real

data. The first three subfields which are read in a (12, I1, 19) FORTRAN format require

the following information which are common to each type of data input:

1) The number of pieces or words of data on the card (right adjusted*).

2) The last card of a particular type of data (i. e., 0 or blank means that more cards

of a particular type follow; 1 means this is the last card of a particular type of data).

3) The address or data location of the first piece or word of data on the card. All

subsequent data in the fields on the card, up to and including the total pieces of data specified

in the first subfield, are stored in sequence from the card address.

The fourth subfield which is divided according to the type of data to be read is described

in the following sections. It must be noted that each problem which is input to the program

must include at least one data card of each type (alphanumerlc, integer, and real}.

Therefore, the minimum card count for a stacked problem is three cards, one for each type

of data with a 1 in column 3 of each card.

The ability to assign the specific address of each data word within any data array allows

the user to run stacked problems with minor data changes with a minimum card count.

*Right adjusted means the least significant digit of the number is at the extreme right of the
field.
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4.2 ALPHANUMERIC DATA

The card format for the alphanumeric or title data is the FORTRAN format, (12, I1, 19,

15A4). The last 15 data words (card columns 13 - 72) are subdivided into four character

alphanumeric data which are input at the discretion of the user.

The relative location or address of the initial four character word in each title section

is tabulated and described below and the breakdown of data sections are described. The

option to input specific title data was included because of the output flexibility of the

program. It must be noted that the user, in specifying a three word title, has the capability

of inputlng 12 characters of information. In addition, the breakdown of the 180 and 120

character titles into 3 and 2 lines of 15 alphanumeric data words per llne (60 characters per

line) must be noted by the user to provide clearly titled output results.

Address Dat._.._.a Array Dimension Description

1 TITLE (45)

46 T IT LE (30)

76 TITLE (30)

106 T IT LE (30)

T IT LE (3, 10)

Overall problem title (180 alphanumeric

characters) which is output at the beginning of

the output printing. (Printed 60 characters to
a llne. )

Title information (120 characters) printed pre-
ceding the output of results for each source

region and all detector points. (Printed 60
characters to a line. )

Title information (120 characters) printed pre-

ceding the output of results for the subtotal
over a selected set of source regions (i. e., the

summation overall reactor subregions).
(Printed 60 characters to a line. )

Title information (120 characters) printed pre-

ceding the output of results for the summation
of all source regions, (i. e., summation over

subtotals). (Printed 60 characters to a llne.)

Title information (3 words or 12 characters)

associated with gamma ray response output data.
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Address

136

139

142

145

148

151

154

157

160

163

166

Data

TITLE (1)

T IT LE (2)

T ITLE (3)

TITLE (4)

TITLE (5)

T IT LE (6)

T IT LE (7)

T IT LE (8)

T IT LE (9)

TITLE (10)

TITLE

Array Dimension

(3, 10)

196 TITLE (3, 10)

TITLE (3, 25)

226

229

232

235

291-300

4.3

Gamma

Gamma

Gamma

Gamma ray res

Gamma ray res

Gamma ray resi

Gamma ray resl

Gamma ray res

Gamma ray res

Gamma ray resi

Description

ray response No. 1

ray response No. 2

ray response No. 3

)onse No. 4

)onse No. 5

)onse No. 6

_onse No. 7

_onse No. 8

_onse No. 9

_onse No. 10

Title information (3 words or 12 characters)

associated with each neutron response output
data. Data order identical to gamma ray
response data.

Title information (3 words or 12 characters)

associated with each AIbert-Welton response

output data. Data order identical to gamma
ray response title data.

Title information (3 words or 12 characters)

for each detector point in the problem:

TITLE (1) Detector point 1

TITLE (2) Detector point 2

TITLE (3) Detector point 3

TITLE (4) Detector point 4

TITLE (25) Detector point 25

INTEGER OR FIXED POINT DATA

The card format for the integer data is the FORTRAN format (12, I1, 19, 2013). The

last 20 pieces of data (card columns 13 - 72) are subdivided into three digit fields which are

input as "right adjusted" integer data.
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The address of each piece of data, or the address of each data array, is tabulated and

described below. The addressing of data internal to a data array is also tabulated and

described.

Integer or Fixed Polnt Data

Array

Address Data Dimension Description

1 NGG Total number of gamma ray groups,

2 NGN Total number of neutron groups, En

3 MAT

4 NCOMP

5 NDET

EG.(I_< NGG_<30)

.(I_< NGN_<30)

Total number of materials or elements (i.e., an element,

H, O, or Fe; or a material, H20 , UO 2) in the material/

composition table. Note: The user may input the data,

_m(EG) for MAT elements, or optionally the program

will calculate gamma ray coefficlents, /_m(EG), for

MATL elements, but not materials (such as H20). The

coefficients, _m(EG), calculated by the program are
• 2
,n units of cm/gm. The internally generated gamma

ray data will appear as the first MATL sets of data in

the material/compositlon table. Therefore, the MAT

set of data must correspond up to and including the

first MATL set of data.

(1 _<MAT_<20) and (MAT_< MATL)

Total number of compositions in the material/compositlon
table.

(1 _<NCOMP_< 50)

Total number of detector polnts to be evaluated for the
source region in the problem. The program will

accumulate results for multiple source regions for all

detector po|nts under the control of the input quantity,
ISUM.

(I _<NDET_< 25)
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Address

6

7

8

9

10

11

19

Data

NBOUND

NREG

N RSPG

NRSPN

N RSPA

MATL

IBILD

Array
Dimension

(_ AstronuclearLaboratory

Description

Total number of boundary

geometry.
(1 __NBOUND_< 100)

surfaces in the problem

Total number of geometric regions or zones in the

problem geometry. A region is described by 6 or less
boundary surfaces which subdivide the overall problem

space.
(I _<NREG <100)

Total number of sets of response functions to be applied

to the calculated gamma ray flux data at each detector
point.

(1 _<NRSPG _<10)

Total number of sets of response functions to be applied
to the calculated neutron flux data at each detector

pol nt.
(1 _<NRSPN_< 10)

Total number of response functions to be applied to
the Albert-Welton neutron dose function results at

each detector point.
(1_< NRSPA_<10)

Total number of elements for which gamma ray coeffi-
cient sets are to be internally generated by the program.

The MATL sets must be the first MAT sets of the material/
composition table.
(0_< MAT L_< MAT)

Control word for buildup factor input data.

IBILD-- 0: input buildup factor polynomial coefficients
at location BILD

IBILD>0: the program internally computes the buildup
factor coefficients from the library (see Section 2.6)

If IBILD= 1,

If IBILD=2,

If IBILD -- 3,

H20 dose buildup

H20 energy buildup

H20 energy absorption buildup
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Address Data

20 IGAM

I N EUT

Array
Dimension

(3)

Descrl ptio n ....

If IBILD -- 4, A1 close buildup

If IBILD : 5, A1 energy buildup

If IBILD : 6, A1 energy absorption buildup

If IBILD : 7, Fe dose buildup

If IBILD : 8, Fe energy buildup

If IBILD : 9, Fe energy absorption buildup

If IBILD = 10, U dose buildup

If IBILD- 11, U energy buildup

If IBILD : 12, U energy absorption buildup

If IBILD = 13, Pb dose buildup

If IBILD = 14, Pb energy absorption buildup

If IBILD : 15, Pb energy absorption buildup

If IBILD = 17, Sn dose buildup

If IBILD = 19t Sn energy buildup

If IBILD : 21, Sn energy absorption buildup

If IBILD = 23, W dose buildup

If IBILD = 25, W energy buildup

Control word for calculation of gamma ray attenuation

functions.

IGAM: 0: Do not calculate gamma ray attenuation

functions.

IGAM = 1: Calculate gamma ray attenuation functions.

Control words for calculation of neutron attenuation

functions.

INEUT (i) : 0:
function.

INEUT (i) = 1:

Do not calculate neutron attenuation

Calculate neutron attenuation function.
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Address

21

22

23

24

25

26

27

Data

INEUT(1)

INEUT(2)

INEUT(3)

ISCP

IZSO

IS ORC

ISRC

Array
D|menslon

(_ Astronuclear
Laboratory

Descrlpt|on

Control word for Albert-Welton neutron dose calcula-
tion.

Control word for monovar|ant polynom|al, f(WR, E ),
neutron spectra calculation, n

Control word for blvarlant polynomlal, f(WR, En) ,
neutron spectra calculation.

Control word for calculation at a detector in the

immedlate v|cinity of source points. (An analyt|cal
result is calculated |f the path length between a source

point and detector point is less than or equal to SMFP
mean free paths in the ISCP composition. (See
Section 2.7. )

ISCP= O: Do not calculate analytic result.

ISCP>O: Calculate analytic result with the ISCP
composition as the source material.

The number of the source zone in which all path length
calculations are initiated.

IZSO- Source zone number.

Control word for calculation of all source distribution
functlons.

ISORC = O: Do not calculate source distribution data

but use previous problem data.

ISORC = 1: Calculate new source distribution data from

RS, ZS, PHI, and FSI input data.

Control word for the calculation of radial source
dlstrlbution data.

ISRC -- O: Do not calculate and renormalize input
data, but use RS, ZS, PHI, and FS! as point source

data. (This option allows the description of one or
more discrete point sources. )
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Address Data

28 ISZC

Array
Dimension Description

!

!
Note: The following radial source distribution options

are applicable to a cylindrical source geometry. (See I

SecHon 2.3. 2,) I

ISRC = 1: Uniform or flat source distribution (Does a

not require FSI input). II
ISRC = 2: Cosine source distribution based on input
data, Xl's. (Does not require FSI input.) I

ISRC = 3: Source distribution based on a linear

variation of input data, FSI, between mesh points, RS. I
I

ISRC = 4: Source distribution based on input exponen-
tial distribution data Xl's. (Does not require FSI input.)

ISRC = 5: Source distribution based on exponential mS

variation of input data, FSI, between mesh points, RS.

Note: The following radial source distribution options I
are applicable to a spherical source geometry.

ISRC = 6: Uniform or flat source distribution. (Does •

not require FSI input data.)

ISRC = 7: Source distribution based on a linear

variation of input data, FSI, between mesh points, RS. I

Control word for axial or polar source distribution •
calculations. |
Note: The following source distribution options are

_able to cylindrical source geometry. (See I

Section 2. 3.2. ) g

ISZC = 1: Uniform or flat source distribution. (Does II
not require FSI input.) II

ISZC = 2: Cosine source distribution based on the a

input data, ETA, (Does not require FSI input data.) I

ISZC = 3: Source distribution based on the linear

variation of input data, FSI, between the mesh points, JJ
ZS. Ill

ISZC = 4: Source distribution based on an exponential •
variation of the source between mesh points, ZS, and |
the input data, ETA. (Does not require FSI input data.)

I
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Address

29

30

31

Data

ISTC

ISIT

ISUM

Array
Dimension

(_) AstronuclearLaboratory

Description

ISZC = 5: Source distribution based on the exponential

variation of the source between mesh points, ZS.

(Requires FSI input data. )

Note: The following source distribution option is

applicable to a spherical source geometry.

ISZC = 6: Uniform or flat polar variation. (Does not

require FSI input data. )

Control word for azimuthal source description. (See
Sectlon 2. 3.2. )

Note: All azimuthal source distributions are assumed

to be uniform. The user must use the ISRC = 0 option

with all input data calculated externally to the program
to do otherwise.

ISTC = 1" Azimuthal source point spacing from the
input data, PHI, with NSO (1) intervals in each radial
i nterva I.

ISTC = 2: Azimuthal source point spacing from the

input data, PHI, with the number oF azimuthal intervals
for each radial interval set by the input data, NSO.

ISTC = 3: Azimuthal source point spacing based on

equal azimuthal intervalsl the number of intervals is

set by the input data, NSO.

Control word for source distribution interpolation
calculation.

ISIT = 0: Do not interpolate RSIT,
data to obtain FSI at RS and ZSo

ISIT-- 1: Interpolate RSIT, ZSIT,
obtain FSI at RS and ZS.

ZSIT, FSIT input

FSIT input data to

Control word for summation of the contribution of

individual source regions to the detector response at

each detector point.

57



(_) AstronuclearLaboratory

Address Data

32 lOUT(l)

33 lOUT(2)

Array
Dimension Di scri ptl on

ISUM = 0: Do not include this region in the summation
of individual source region results.

ISUM-- -1: Start summing individual source region

results beginning with this region.

When ISUM= -1: The storage allocated for the grand
total and subtotal is set to zero. The results for the

region are added to the grand total and subtotal.

Then ISUM is set equal to +1.

ISUM = +1: Add individual source region results to

the grand total and the subtotal.

ISUM-- 2: Add the contribution of the source region

to the subtotal andgrand total, print the subtotal,
then set the subtotal to zero.

ISUM = 3: Add the contribution of the source region

to the subtotal and the grand total, print the subtotal

and the grand total, set the grand total and subtotal
to zero.

lOUT(l) = 0:

lOUT(l)--- 1:

lOUT(l) = 2:
data.

Control word for printing _nput data.

Do not print input data.

Print card images of input data.

Print card images and organized input

Note: Normalized source distribution data are printed

only when lOUT(l) = 2.

Control word for printing of output data.

lOUT(2) = 1:
resu Its.

lOUT(2) = 0:

source region.

Do not print individual source region

Print all output data for each individual
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I
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I

Address

35

36

37

4O

41

42

5O

51

Data

KORD

KORD(1)

KORD(2)

KORD(3)

IORD

IORD(1)

IORD(2)

IORD(3)

LSO

MSO

NSO

Array
Dimension

(3)

(3)

(20)

(_) AstronuclearLaboratory

Description

Degree or order for each set of the neutron moments

method bivarlant polynomial data in the independent

variable, energy (En).

Degree or order of the first set of coefficients for the

energy range, BKP(1) to BKP(2).

Degree or order of the second set of coefficients for the

energy range, BKP(2) to BKP(3).

Degree or order of the third set of coefficients for the

energy range, BKP(3) to BKP(4).

Degree or order for each set of the neutron moments

method blvarlant polynomial data in the independent

variable, depth penetration (WR).

Degree or order of the first set of coefficients for the

energy range, BKP(1) to BKP(2).

Degree or order of the second set of coefficients for

the energy range, BKP(2) to BKP(3).

Degree or order of the third set of coefficients for the

energy range, BKP(3) to BKP(4).

Total number of radial mesh intervals in the source

region description.
(1 < LSO <20)

Total number of axial or polar mesh intervals in the

source region description.
(1 _<MSO_<20)

Total number of azimuthal mesh intervals for each

radial interval in the source region description.
(1 < NSO(1)_< 20)
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Address Data

52 NSO(1)

53 NSO(2)

71 NSO(20)

75 LS IT

76 MSIT

NEQBD(i)

100

101

NEQBD(1)

NEQBO(2)

Array
Dimension

(loo)

Description

Total number of azimuthal mesh intervals in radial

interval number 1 or if, ISTC = 1, the total number of
intervals in each radial interval.

Total number of azimuthal mesh intervals in radial

i nterva I 2.

Total number of azimuthal mesh intervals in radial
interval 20.

Total number of radial source distribution input data

values, RSIT and FSIT, to be used in interpolation of
source distribution data, FSI, at the mesh points RS.

(1< LSIT< 21)

Total number of axial source distribution input data
values, ZSIT and FSIT, to be used in interpolation of

source distribution data, FSI, at the mesh points, ZS.

(1< MSIT_<21)

Surface equation type number for each surface or
boundary, j, in the problem. (The surface equations

and their respective type numberare presented preceding

the surface equation coefficient input description).

(I _<NEQBD(i)_<6)

Type number for surface No° 1.

Type number for surface No. 2°

6O

I

I
I
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I
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Address

199

200

201

299

300

301

399

Data
Array

Dimension

NEQBD(100)

NBNDZN(1) (100)

NBNDZN(1)

NBNDZN(2)

NBNDZN(100)

NCMPZN(1) (lOO)

NCMPZN(1)

NCMPZN(2)

NCMPZN(100)

LBD(i, i) (6, 100)

AslronuclearLaboratory

Description

Type number for surface No. 100.

The total number of boundaries or surfaces defining

eachzone, i, in the problem. Each zone must have
at least one boundary and no more than six boundaries.

(I <NBNDZN(i) <6).

Note: The sign (+) of NBNDZN(i) denotes whether
the zone is an outside or last zone and the user must

specify this sign. If NBNDZN is negative, the zone
is an outside or last zone.

Total number of boundary surfaces for zone No. 1

Total number of boundary surfaces for zone No. 2.

Total number of boundary surfaces for zone No. 100.

The composition number of the mixture of materials in

zone, i, for each zone in the problem.

Composition number in zone 1.

Composition number in zone 2.

Composition number in zone 100.

The boundary surface numbers, j, for each zone, i.

The user must specify NBNDZN(T) surface numbers for

each zone, i, and the surfaces must totally enclose the
zone or region in the problem. Outside zones can be

described as single boundary zones.

Note: The KAP-V program will automatically assign
all ambiguity indices (+ or -) of each surface, j, in
relation to each zone, i.
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Address

5OO

506

1094

Data

LBD(j, 1)

LBD(i, 2)

LBD(i, ] 005

NT RYZN(j, i)

1100 NT RYZN(j, 1)

1106 NTRYZN(i, 2)

1694 NTRYZN(j, 100)

Array
Dimension

(6,100)

Description

Surface numbers, j= 1, NBNDZN(1), for zone 1.

Surface numbers, i-- 1, NBNDZN(1),

Surface numbers, j= 1, NBNDZN(1),

for zone 2.

for zone 100.

The zone identification number for each boundary, j,
of each zone, i, which defines the zone encountered

upon crossing each boundary of the zone, io There Is
a one to one correspondence between LBD and NTRYZN.

Note: If more than one zone can be entered upon

crossing boundary, j, the user can minimize problem

running times by specifying the zone entered the most

times, or if this can not be determined, the zone with
the lower identification number.

Zone number, j-- 1, NBNDZN(1), for zone 1.

Zone number, j= 1, NBNDZN(1), for zone 2.

Zone number, j= 1, NBNDZN(1), for zone 100.

4.4 REAL OR FLOATING POINT DATA

The card format for the real data is the FORTRAN format (12, I1, 19, 5E12.5). The

last 5 pieces of data (card columns 13-725 are subdivided into twelve digit fields which are

input as real or floating point data.

The relative location or address of each piece of data, or the initial address of each

data array, is tabulated and described below. The addressing of data internal to a data array

is also tabulated and described.
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Address

1

2

3

4

3

4

5

6

5

6

7

Data

ASOI

ASOI(1)

ASOI(2)

XI

XI(1)

xi(2)

xl(1)

xl(2)

ETA

ETA(l)

ETA(2)

ETA(l)

ETA(2)

RS(I)

Array
Dimension

(2)

(2)

(2)

(21)

(_ Astronuclear
Laboratory

Descriptlon

Gamma ray and neutron source normalization constants.

The input constants, ASOI, must be dimensionally consis-
tent with GSOUR, NSOUR, and AWSOUR to provide
particles/cm3-sec.

Gamma ray source normalization constant.

Neutron source normalization constant.

Note: If ASOI(2) is input as 0.0, the program assumes

ASOI(2) = ASOI(1) and all gamma ray source distribution
data, FSI, are also used for neutron source calculations.

Radial source distribution constants used in the truncated

cosine or exponential source distribution function.

For truncated cosine,

= 1r/R*, where R* is the extrapolated region radius.

=0.0

For exponential

= f(Ro) , the source value at the left boundary radius, Ro.

= e, the slope of the.source distribution in the region.

Axial source distribution constants used in the truncated

cosine or exponential source distribution function.

For truncated cosine

_r H*= H-'* ' where is the extrapolated height.

H*

2

For exponential

= f(Zo) , the source value at the left axial boundary, Z o.

= o-, the slope of the source distribution in the region.

Radial dimensions of the source region mesh intervals°
(LSO + 1 values)
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Array
Address Data Dimension

28 ZS(m) (21)

PHi(n, i) (21,20)

Descri ption

Axial or polar dimensions of source region mesh intervals.

(MSO + 1 values)

Azimuthal dimensions of source region mesh intervals

for each radial interval, i.

I

I

I
49 PHI(n, 1)

70 PHI(n, 2)

448 PHI(n, 20)

FSI (21, 22, 2)

Dimensions of radial interval No. 1, (NSO(1) + 1 values)

Dimensions of radial interval No. 2, (NSO(2) + 1 values)

Dimensions of radial interval No. 20, (NSO(20)+1 values)

Note: PHI(n, |) for K greater than 1 are required only
for ISTC = 2

Source distribution data for radial, axial, or polar, and

azimuthal distribution for both gamma ray, K = 1, and
neutron, K = 2, source data.

I
I

I
I

I
470 FSI(I, 1, 1)

491 FSI(m, 2, 1)

512 FSI(n, 3, 1)

512 FSI(1,3, I)

533 FS1(2, 3, 1)

t •

931 FS 1(20, 3, 1)

Gamma ray radial source data, (LSO + 1 values)

Gamma ray axial or polar source data, (MSO + 1 values)

Gamma ray azimuthal data for each radial interval,

(NSO(1) + 1 values)

Note: FSI (n, 3, 1) is required input only for the case
w-'_'en the user specifies all source data FSI as input (i. e.,

a unit point source is input by specifying ISORC = 1,
ISRC = 0, FS1(470)= 1.0, FS!(491)= 1.0, FS1(512)= 1.0)

Gamma ray azimuthal data for radial interval No. 1.

Gamma ray azimuthal data for radial interval No. 2.

Gamma ray az|muthal data for radial interval No. 20.

I

I

I

I
I
I

I
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_ddress Data

932 FSI(1, 1, 2)

1400 GSOUR (30)

1430 NSOUR (30)

(_) AstronuclearLaboratory

Array
Dimension Description

Neutron source distribution data input which is identical

in order to the gamma ray data, but with all addresses
increased by 462.

Note: If ASOI(2) is input as 0.0, then FSI(I, 1,2) =

FSI( I,, I, I)

Gamma ray source by energy group, ENG.

Note: GSOUR must be dimensionally consistent with

ASOI(1), so that GSOUR(k)'3ASOI(1) will provlde the
units of particles or Mev/cm -sec.

Neutron source by energy group, ENN.

Note: NSOUR must be dimensionally consistent with

ASOI(2). These quantities provide the user with the

capability to input group dependent integration factors

(energy band widths) and must not be construed as neutron

source spectra.

The following input data (ABD, BBD, CBD, XOBD, YOBD, ZOBD, DBD) are the

surface equation coefficients and constants for each boundary (1-100). This input depends on

the boundary or surface equation type. The surface equation types which are in the program

are the general quadratic equation, and five of the common degenerate forms, as shown below:

Surface Equation Type

1 AX 2 + XX 0

2 A (X- X0 )2

3 (X - X0 )2 +

4 X -- D

5 Y= D

6 Z= D

Equation

+ By2 + YY0

+ B(Y- Y0 )2 +

(Y- Y0 )2 = D

+ CZ 2 + ZZ 0 = D

C (Z- Z0)2 = D
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Address

1460

1560

1660

1760

1860

1960

2060

2160

2163

2397

Astronuclear
Laboratory

Data

ABD

BBD

CBD

XOBD

YOBD

ZOBD

DBD

Array
Dimension

(lOO)

(lOO)

(lOO)

(lOO)

(lOO)

(lOO)

(lOO)

xYz(i, i) (3,1oo)

xYz(i, 1)

xYZ(i, 2)

XYZ(i, IO0)

COMP(m, n) (20,50)

Description

Surface equation coefficient constant, A, for surfaces
1-100.

Surface equation coefficient, B, for surfaces 1-100.

Surface equation coefficient, C, for surfaces 1-100.

Surface equation constant, X0,

Surface equation constant, Y0'

Surface equation constant, Z0,

Surface equation constant, D,

for surfaces 1-100.

for surfaces 1-100.

for surfaces 1-100.

for surfaces 1-100.

Note: To eliminate errors in path length calculations,

te-h'_program automatically squares the input quantity, D,

for surface equation types 2 and 3 to provide absolute
matching of surface intersections. Therefore, input the

quantity, D, as the radius of interest.

Cartesian coordinates of the point internal to each zone,

|, described by the input data, LBD. There are 3 x NREG

required input values. These data are used in computing the
ambiguity indices (+ or -) of each surface in relation to
the zone and extreme caution must be used in determin-

ing input values.

(Xp, Yp, Zp) for zone 1.

(Xp, Yp, Zp) for zone 2.

(Xp, Yp, Zp) for zone 100.

Composition matrix (densities or volume fractions) accord-

ing to the materials or elements, m, in the problem.
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Address

2460

2480

3440

3460

3490

3510

3530

3550

3551

3558

3560

3590

Data

C OMP(m, 11

COMP(m, 2)

COMP(m, 50)

ENN

XSECN(m, i)

XSECN(m, 1)

XSECN(m, 2)

XSECN(m, 3)

XSNREF

A LFA

AWSOUR

ENG

XSECG(k, m)

XSECG(k, 1)

Array
Dimension

(30)

(20,3)

(7)

(30)

(3o,2o)

(_ AstronuclearLaboratory

COMP(m, 1):

COMP(m, 2):

Description

data for all materials,

data for all materials,

m, in composlt|on 1.

m, in composition 2.

COMP(m,50): data for all materials, m, |n composition 50.

Representative energy of each neutron group.

Data for the Albert-Welton and neutron spectra functions.

Neutron removal cross sections for each material for use

with the Albert-Welton function.

Constants (_'s) for each material for use with the Albert-
Welton function.

Neutron removal cross sections for each material for use

with the neutron spectra function.

Neutron removal cross section for the material for which

the neutron moments data is input (reference material
removal cross section).

Constants (a's) for the Albert-Welton function.

Source strength to be applied to the Albert-Welton kernel.

Note: AWSOUR must be dimensionally consistent with

ASOI(2).

Representative energy of each gamma ray source group.

Gamma ray absorption coefficients for each group, k,
and each material, m, in the problem. The program will
generate these data from tables and/or polynomial evalu-

ation if requested. (See Section 2.6o)

Coefficients for each group k, material 1.
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Address Data

3620 XSECG(k, 2)

4160 XS EC G(k, 30)

BILD(1, k)

4190 BILD(1, 1)

4194 BILD(1, 2)

4306 BILD(1, 30)

4310 SMFP

4311 TMFP

4312 EPSLN

Array
Dimension

(4, 30)

Description

Coefficients for each group k, material 2.

Coefficients for each group k, material 30.

Gamma ray cubic polynomial build up coefficients for
each gamma ray group, k.

Note: The program will internally compute these data
if so requested. (See Section 2.6.)

80 , 81 , 82 , 83 for group 1.

80 , 81 , 82 , 83 for group 2.

80 , 81, 82, 83 for group 30.

Total mean free path of source material (source composi-

tion ISCP) used in determining the exclusion sphere volume

for source points adjacent to detector points. This quantity
is used in the empirical solution of the gamma ray flux for

detector points internal to source regions. (See Section 2.

The limit or maximum range of mean free paths of gamma

ray depth penetration for cubic polynomial buildup data.

The program calculates buildup only on TMFP (or less)
mean free paths. If the mean free path exceeds TMFP,

the program sets the mean free path equal to TMFP. The

program assumes TMFP= 20, if TMFP is not input.

Surface equatlon-path length calculation error limit used

in determining if a surface is crossed, If the test fails, an

error statement is given.

Note: EPSLN is internally set as 1.0 x 10-6 and is not

required as input if the user accepts this value.
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Address

4313

4314

4320

4325

446O

Data

FUDGE

BKP(i)

COM

COM(i, I, I)

COM(i, 2, I)

COM(I, 30, I)

Array
Dimension

(4)

(5, 30, 2)

(_ Astronuclear
Laboratory

Description

Surface equation-path length calculation step quantity
used in providing a means for the calculation to cross a

boundary. If two steps are unsuccessful, an error state-
ment is given.

Note: FUDGE is internally set as 1.0 x 10 -3 and is not

required as input if the user accepts this value.

For Monovarlant Neutron Spectra Data:

The neutron depth penetration, gm/6m 2, which is the

breakpoint between the two sets of monovarlant moments

method data. Only BKP(1) is required.

For Bivarlant Neutron Spectra Data:

The neutron energy breakpolnts for the applicability of
the blvarlant polynomial data. BKP(1-4) must be in order

of decreasing energy an__ddthe last values 2, 3 or 4 must
must not be zero (e.g., for only one set of polynomial

data, BKP(1)= E (higher) and BKP(2,3, and 4) = E(Iower).

Neutron spectra monovariant polynomial coefficients for

NGN groups. This data, which is evaluated as a function
of depth penetration ( W, gm/cm 2 of equivalent neutron

attenuation), is assumed to be applicable in the range of
0.0 >-W > 120.0 gm/cm 2. The two sets of input data

divide this range into, 0.0 > W > BKP(1) and BKP(1)_>

W > 120.0. For any depth penetration in excess of
120.0 gm/cm 2 the group dependent k's (input quantities,

XLAM)are used as simple exponential attenuation as,

exp[- X(W- 120.0)] .

COM(1-5): C5, C4, C3, C2, C 1 for group1, and
W <-. BKP(1).

COM(1-5): C5, C4, C3,
W < BKP(1).

C0M(1-5): C5, C4, C3,
W < BKP(1).

C2, C 1 for group 2, and

C2, C 1 for group 30, and
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4470

4475

4615

4620

4645

4670

4695

4720
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Data

COM(I,1,2)

COMfi,2, 2)

COM(I, 30, 21

CON

CON(S,5,1)

C ON(5, 5, 2)

CON(5, 5, 3)

i

CON(5, 5, 41

XLAM

Array
Dimension

(5,5,4)

(30)

COM(1-5): C5, C4,
W >__BKP(1).

Des cri pti on

C3, C2, C 1 for group 1, and

COM(I-5):
W >_ BKP(1).

COM(I-5):

W > BKP(1).

C5, C4, C3, C2, C 1 for group 2, and

C5, C4, C3, C2, C 1 for group 30, and

Neutron spectra blvarlant polynomial coefficients. These

data, which are evaluated as a function of depth penetra-

tion, W, and neutron energy, En, is assumed applicable
over the enti--_e range of W >- 120.0 gm/cm 2. The four

sets of data divide the energy range into four intervals

as determined by BKP(1-4). Calculations for W in excess
of 120.0 gm,_m 2 are discussed above in the monovariant

polynomial description.

CON(1-25): C , C 2, C 3, C 4, C 5 ....
BKP1 >- E >--BKI]2. . ..... C25 for

CON(1-25): C 1, C 2, C3 .......... C25 for
BKP2 >- E >_ BKP3.

CON(I-25): Ci, C2, C 3 ..
BKP3 >- E >- BKP4.

CON(1-25): Cl, C2, C3

........ C25 for

.......... C25 for E >__BKP4.

Values of X(En)for each neutron energy group for use in
extrapolating either the monovarlant or bivarlant neutron
spectra data for values of W > 120.0 gm/cm 2.
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Address

4750

4780

®

5020

5050

53 50

5360

5363

Data

RSPG

RSPG(k, 1)

RSPG(k, 2)

RSPG(k, 10)

RSPN

RSPN(i, I)

RSPA

RCORD

RCORD(I, I)

RCORD(i, 2)

Array
Dimension

(30, 10)

(30, 10)

(1, lO)

(3, 25)

(_ AstronuclearLaboratory

Description

Group-dependent gamma ray response functions. The
user must input at least one set of data. If collided and

uncolllded energy flux is desired as output data, one set

of RSPG values must be input as 1.0. The program will
provide NRSPG sets of data, and the sum or total over

NGG groups for each response function.

Response function No. 1, for each energy group, k.

Response function No. 2, for each energy group, k.

Response function No. 10, for each energy group, k.

Group dependent response functions for the neutron spec-
tra data. The user must input at least one set of data. If
the total (sum over groups) response is desired, (i.e.,
total neutrons,/cm2-sec) the energy width for each group

must appear in RSPN or in the neutron group source,
NSOUR.

RSPN is input in the same order as RSPG starting with
address, 5050.

Response functions for the Albert-Welton function. The

user must input at least one value of RSPA (i.e., RSPA

(1)-- 1.0). The program will provide NRSPA values of
output.

Detector point coordinates (RD, ZD, eD) for NDET de-
tector points. The detector points must not lie on a

boundary of a zone. A maximum of 25 detector points
per problem are permitted.

(R D, ZD, 8D) , for detector No. 1.

(RD, Z D, eD) , for detector No. 2.
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Address Data

5369 RCORD(I, 3)

• g

5435 RCORD(I, 25)

5510 SSOT

Array
Dimension

(3)

Description

(RD, ZD, 8D) , for detector No. 3.
Q

(RD, ZD, 0D), for detector No. 25.

Source region translation coordinates (XI_, YT, ZT)"
The values of SSOT may be used to translate the source

region in the problem geometry so that the input source
data can be relative to (0, 0, 0).

THE FOLLOWING INPUT DATA ARE REQUIRED ONLY IF MATL IS GREATER THAN ZERO

5513 ZAT (20) Atomic number (electrons per atom) of each element for

I
I
I
I

I
I
I

I
which gamma ray absorption coefficients, are to be cal-

culated by the program. The calculated values, in units
of cm2/gm, will appear as the first MAT L sets of gamma

ray absorption coefficients. If coefficients are input in

conjunction with calculated values, then the input values
must be the MATL + 1 to MAT sets of values.

THE FOLLOWING INPUT DATA ARE REQUIRED ONLY IF LSIT IS GREATER THAN 0

I

I

I
5533 RSIT (21)

5554 ZSIT (21)

FSIT(i, ,k) (21, 2,2)

Radial coordinates oF source distribution data to be used

in the source interpolation routine. There are LSIT values

required. The range of RSIT should be greater than or

equal to the range of the radial values, RS, so that only
interpolation of data is used.

Axial coordinates of the source distribution data to be

used in the source interpolation routine. There are MSIT

values required. The range of ZSIT should be greater than

or equal to the range of the axial values, ZS, so that only
interpolation is used.

Source distribution data to be used in the source interpo-

lation routine. There are LSIT and MSIT values required.

Source interpolation is calculated for both gamma ray
and neutron source distributions.
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Address

5575

5596

5617

5638

Data
/

FSIT(I,I,1)

FSIT(i,2,1)

FSIT(I,I, 2)

FSIT(i, 2, 2)

Array
Dimension Descri ption

Radial gamma ray source data.

Axial gamma ray source data.

Radial neutron source data.

Axial neutron source data.

73,/74
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SECTION

5.0 OUTPUT DATA FORMAT

The KAP-V output data is dependent upon the input control words lOUT (1) and

lOUT (2) entered at address 32 and 33, respectively. The control word, lOUT (1), controls

the print out of the input data. The control word, lOUT (2) controls the print out of the

output data.

5. ! INPUT DATA PRINT OUT

The print out of the input data will be described first. If lOUT (1) is set at zero,

no input data will be printed, except the program title. This is followed by the output

data described in Section 5.2.

If lOUT (1) is set equal to one, the program title is printed, and is followed by a

print out of the image of each input data card as used by the computer. Therefore, only

columns 1 to72 are printed. One exception must be noted: If the floating point data, input

at address 2060, includes the surface equation constant, D, for equation types 1, 2, or 3,

the printed value in the card image is D2 instead of D. The card image output is followed

by the output data described in Section 5.2.

If lOUT (1) is set equal to two, the input data is printed out as described for

lOUT (1) equal to one plus a set of labeled input data. Th|s labeled print out is self

explanatory (See the sample problem print). Included in the labeled print out are the

normalized source distribution data. The labeled print out of the input is followed by the

output described in Section 5.2.

5. 2 OUTPUT DATA PRINT OUT

The output print out is obviously dependent upon the types of material attenuation

functions that are requested in a particular problem. The output is also dependent upon the

ISUM Control (address 31), and the lOUT (2) Control (address 33).

If lOUT (2) is set equal to zero, output is printed for each individual source

region in the problem. If lOUT (2) is equal to one, the output for each source region is

not printed out. (A NOTE OF CAUTION: If the problem contains only one source region,

lOUT (2) must be set equal to zero in order to obtain any answers).
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The control word, (ISUM), controls the subtotal output over various source

regions, and the grand total output over all source regions, as described in the input

data instructions (Section 4.0).

If a gamma ray calculation is performed, the collided fluxes multiplied by each

set of response functions is printed for the first detector point, for each gamma ray group,

as well as the total. This is followed by the uncollided gamma ray data.

If an AIbert-Welton calculation is performed, the output multiplied by the response

functions follows the gamma ray output data.

If neutron spectra are calculated, the neutron spectra data multiplied by the re-

sponse functions are then printed.

At the end of the output data for each detector point, a comment is printed which

tells the program user how many times the value of 20.0 mean free paths, for gamma rays,

or 120.0 gm/cm 2, for neutrons, was exceeded for a source region.

A sample printout is included with the sample problem.
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SECTION

6.0 SAMPLE PROBLEM

6.1 DESCRIPTION

A sample problem is included here to illustrate more clearly the input and output

data of the KAP-V program.

The geometry and material description for the sample problem are shown in Figure

8. The problem consists of three material cylindrical regions (Zones I, II, and III), and

three outside regions (Zones IV, V_ and VI).

The single cylindrical source region is Zone I. The source distribution which is

the same for both neutrons and gamma rays is described as uniform in both the radial and

axial directions. Variable azimuthal source spacing is employed. Thirteen gamma ray

source energy groups describe the source. Gamma ray total absorption coefficients are

requested from the built-in library. Water close buildup factors are input to the program.

The monovarlant neutron spectnJm option is employed with carbon as the

reference material.

Two sets of response functions for both gamma ray data and neutron data are

employed.

The problem consists of five detector points as indicated by D1, D2, etc. in

Figure 8.

6.2 INPUT DATA

The actual FORTRAN input data sheets for the sample problem are given in

Table 3. The letters in columns 73 through 80 for the fixed and floating point data refer

to the FORTRAN symbol described previously in Section 4.0.

6.3 OUTPUT DATA

The printed output data from a KAP-V problem (CDC 6600 computer job) for the

sample problem is presented in Table 4.

The first three pages of output are the card images. Pages 4 through 14 are the

labeled input data. This labeled input data is helpful in locating errors or as a permanent
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record of the input used for a particular problem. The normalized source data are

included on pages 5 through 8. The gamma ray absorption coefficients (cm2/gm)

obtained from the program library are listed on pages 10 and 11. Notice that, on page

8, the region ambiguity indices which are computed within the program, are printed out.

The calculated output data printout begins on page 14. The column labeled

GAM RESP 1, is the gamma ray flux multiplied by the first set of gamma ray response

functions which yield units of R/hr. The column labeled GAM RESP 2, is the gamma ray

flux multiplied by the second set of gamma ray response functions which yield units of

watts/gin of steel.

The column labeled NEUT. 1 is the neutron spectrum multiplied by the first

neutron response function. The units of NEUT. 1 are rads (tissue)/hr. These units were

made compatible with the differential neutron spectra data by inputting the NSOUR data

as A E x 2.46 neutrons/fission. The column labeled NEUT. 1 is the neutron spectrum

multiplied by the second response function, and the units, therefore, are n/cm2--sec.

The remainder of the printout is self-explanatory.
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APPEND IX

Presented here is a listing of the FORTRAN IV Source Program for the KAP-V

code for use on the IBM 7094 computer.
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